A sentence relating to epidemiological phenotypes has been added to the introduction and the Guilbert et al reference included.
Answers to reviewers comments:
We would like to thank the reviewers for their helpful comments on this manuscript and these are addressed 'in bold' below each comment.
We have also added a paragraph to include the findings of a study by Wagener et al published in the February 2015 issue of Thorax that we felt is highly relevant to this review.
Changes in the manuscript are shown as 'underlined'.
Reviewer: 1
Comments for Authors: The Manuscript written by Gaillard et al dealing with the role of blood eosinophils as a biomarker of corticosteroid responsiveness in pre-school children with wheezing is overall reasonably well written, appropriately referenced, and a worthwhile contribution to the asthma literature. The following comments are provided to the authors for their consideration:
1.
Vuillermin et al's article is appropriately cited as evidence that oral corticosteroids have limited efficacy in asthma exacerbations in school aged children. An additional reference to consider is the article by Biegelman A. et al. J Allergy Clin Immunol 131 (6) : 2013 . This article specifically addresses this same issue in preschool children.
This post hoc analysis study by Beigelman et al has been added as a reference to the manuscript.
2.
Although not published yet at the time of this manuscript submission, another reference to consider mentioning in the introduction section regarding asthma phenotypes in children is an article by Guilbert We propose a blood eosinophil stratified randomised controlled trial to establish if children with higher eosinophil counts are more likely to respond to inhaled corticosteroids compared to children with low blood eosinophil counts and a sentence has been added just before the conclusions.
5.
One aspect of the use of peripheral blood eosinophil counts as a biomarker that is not well discussed is the developmental aspects regarding its age of onset and its fluctuations over time. That is, at what age and threshold level does peripheral blood eosinophilia occur/begin during early childhood? Also, is the development of blood eosinophilia associated temporally with the development of allergic sensitization? Also, are these two factors independently associated with asthma risk and/or ICS response or are they linked developmentally? This is an important point raised. There is a lack of longitudinal data reported in the literature in adults and children. We are not aware of any studies reporting blood eosinophils in children (or adults) with asthma longitudinally therefore we cannot comment on fluctuation. In the study reported by Karakoc et al, 2002 the serial estimation of blood eosinophils was years apart (reference included). There are important ethical issues with repeat blood taking in children that is an important limitation to such studies. There are however data to show that blood eosinophils >0.4 x 10 9 /L are detectable in many young children. This information has been added to the manuscript under the heading 'eosinophils and asthma'.
6.
On page 2, lines 7-8, the author's state that there is "diagnostic and therapeutic uncertainty in children aged 5 and younger". Could the authors elaborate for what the diagnostic and therapeutic uncertainty is for (e.g., asthma)?
We have expanded this paragraph to elaborate more on the diagnostic and therapeutic difficulties.
7.
On page 3, line 21, the authors state that "children with human rhinovirus induced wheeze are also more likely to be atopic". We recommend changing the word "atopic", which is defined as an increased genetic propensity of developing IgE antibody formation, to "atopic disease". The sentence would read "more likely to have atopic diseases". Similarily, throughout the entire manuscript, when the authors want to refer to children who have demonstrable allergic sensitization, the term "allergic sensitization" should be used and not "atopy" or "atopic". The effects of these mediators on the heart and brain do not contribute to airway hyperresponsiveness.
The paragraph has been revised as suggested.
10.
On page 10, line 10, please change the word "that" to "than".
Done
Reviewer: 2
Comments for Authors:
The authors set out to examine the value of blood eosinophils as a biomarker to predict corticosteroid responsive disease in pre-school children presenting with wheeze. I have a few specific comments.
1. The authors nicely framed the problem within the introductory section.
2. There are well over 100 references; some of them are around 2 decades old with some of the older ones being editorials or reviews. It would be good to reduce the number of references by deleting any older ones that really aren't needed.
We reviewed all the references older than 20 years and removed 4 editorials and reviews (Frette, Durham, Dahl, Kirby). Many studies of blood eosinophils date back more than 20 years. More recently sputum eosinophils have been the preferred target for adult asthma studies and blood eosinophils have been relatively neglected. However the interest in blood eosinophils is increasing again due to the difficulties in obtaining regular sputum samples particularly in children. For the purpose of the review we feel it is important to include the earlier studies that have answered some important questions.
3. Page 5, line 39: "1st" should be spelt out in full.

4.
The authors consider a number of other possible biomarkers of corticosteroid responsiveness. The one they fail to mention is exhaled nitric oxide. There at least ought to be some reference of it in the review, if only to explain why it is not appropriate.
We added a paragraph to discuss the role of eNO as a marker of steroid sensitive asthma and its relationship with blood and sputum eosinophils.
Reviewer: 3
Comments for Authors: Summary This review makes a case for identifying biomarkers to determine which children with preschool wheeze or asthma will respond best to steroid treatment. Although the title implies a focus on preschool wheeze that actual content mainly includes data from studies in adults, school-aged asthmatic children and some data on preschoolers, and includes a variety of disease severity. 
Comments
The paragraph that discusses current treatment recommendations for preschool wheeze confuses prediction of asthma development and treatment according to current symptom pattern. The implication is that clinical predictive indices need to be used to decide treatment, but the episodic viral wheeze and multiple trigger wheeze phenotypes that have been recommended by the ERS are for prospective use and do not rely on retrospective allocation of phenotypes. This requires some clarification.
We have provided clarification on these issues. Few RCTs in children with preschool wheeze have distinguished between episodic viral wheeze and multiple trigger wheezing when defining inclusion criteria. To confuse matters further the asthma prediction indices used in many larger North American studies in children with preschool wheeze are very similar to the criteria used by investigators to define inclusion criteria for RCTs. The implication is that preschool children with troublesome wheezing are more likely to remain symptomatic as older children, which has been shown to be correct. We have clarified these issues in more detail.
In a similar manner, it needs to be made clear that determining which patients are steroid responsive will not help to prevent development of asthma by school-age as we know steroids are not disease modifying. The main advantage would be to avoid unnecessary side effects in steroid unresponsive patients and to more effectively treat those children that are responsive.
We agree with this statement and have added a sentence to say that corticosteroids are not disease modifying.
One aspect that is missing in this review is a discussion about what is known about the inflammatory pathology of preschool wheeze. Several studies have reported airway inflammation in preschoolers, although they have looked bronchoscopically in BAL samples, it would be good to have a discussion -as many preschoolers have evidence of neutrophilic inflammation, not eosinophilic inflammation. This would support the case for identifying a group that are likely to be corticosteroid unresponsive. The authors imply all bronchoscopic studies are done only in severe wheezers, but this is not true, there are several publications that include mil-moderate wheezers as well (Barbato A AJRCCM, Baraldo S AJRCCM).
A paragraph was added to discuss in more detail the inflammatory airway pathology in children with preschool wheeze. There are relatively few studies reporting airway inflammation in young children and particularly in those 3 years and younger airway eosinophilic inflammation is detectable but generally at a level below that which is considered eosinophilic inflammation in older children and adults. A classification into eosinophilic and neutrophilic asthma/wheeze is therefore difficult and has not been reported in studies for that age group. We have discussed in the review the studies suggested that included children with mild to moderate wheeze severity.
Also, the limitations of the current proposed clinical phenotypes of episodic and multiple trigger wheeze to determine management, including phenotype switching, should be included.
We added a sentence on phenotype switching to the description of the preschool wheeze phenotypes.
The only other aspect that warrants a little discussion is normal values for blood eosinophils in young children. Counts of up to 0.7x109/L can be considered normal in preschool children, as the normal We have included a short paragraph on normal blood eosinophil levels in preschool children and a reference. We added the sentence that blood eosinophils need to be interpreted in the context of clinical symptoms.
The authors state at least twice that sputum induction requires bronchoscopy and general anaesthetic, this is not true. Numerous data have been published on the performance of sputum induction in preschool children, and cytology can be obtained -this is mainly in the context of TB and CF -but certainly GA is not required. This needs to be amended. GA is only required for BAL collection.
We are aware of studies reporting sputum collection in young children particularly for the diagnosis of TB. Most reported studies in children that we are aware of obtain sputum as BAL during a GA. Induction of sputum for leukocyte differential is difficult and time consuming and this technique is impossible for widespread clinical practice. We have however included a sentence to say that sputum induction in children with preschool wheeze is possible without the need for general anaesthesia.
Overall, this review would be much easier to follow if the data from adults, school-aged children and preschool children were discussed separately, thus in the end, based on dtat available, making a case for a trial in preschool children. A table summarising the data that makes a case for a trial would also be very helpful. At the moment, it is a little hard to follow and for key messages to come across.
We have grouped the subjects within the subheadings as much as possible into data from 'adults', followed by 'older children' followed by 'children with preschool wheeze'. 
F
Abstract:
Childhood wheezing is common particularly in children under the age of six years and in this age-group is generally referred to as preschool wheezing. Particular diagnostic and treatment uncertainties exist in these young children due to the difficulty in obtaining objective evidence of reversible airways narrowing and inflammation. A diagnosis of asthma depends on the presence of relevant clinical signs and symptoms and the demonstration of reversible airways narrowing on lung function testing, which is difficult to perform in young children.
Few treatments are available and inhaled corticosteroids are the recommended preventer treatment in most international asthma guidelines. There is however considerable controversy about its effectiveness in children with preschool wheeze and a corticosteroid responder phenotype has not been established. These diagnostic and treatment uncertainties in conjunction with the knowledge of corticosteroid side-effects, in particular the reduction of growth velocity, has resulted in a variable approach to inhaled corticosteroid prescribing by medical practitioners and a reluctance in carers to regularly administer the treatment.
Identifying children who are likely responders to corticosteroid therapy would be a major benefit in the management of this condition. Eosinophils have emerged as a promising biomarker of corticosteroid responsive airways disease and evaluation of this biomarker in sputum has successfully been employed to direct management in adults with asthma.
Obtaining sputum from young children is time-consuming and difficult and it is hard to justify more invasive procedures such as a bronchoscopy in young children routinely.
Recently, in children, interest has shifted to assessing the value of less invasive biomarkers of likely corticosteroid response and the biomarker 'blood eosinophils' has emerged as an attractive candidate. The aim of this review is to summarise the evidence for blood 
The preschool wheeze epidemic
It is estimated that 1.1 million children in the UK have asthma, which is considered severe in over ten percent of children using data from the International Study of Asthma and Allergies in Childhood (1) . Wheezing in young children aged six months to five years is particularly common and affects approximately one in three children growing up in the UK (2,3).
Exacerbations, unscheduled healthcare visits and hospital admissions in this age band are the highest for any age group (4, 5) and result in considerable family stress (6) and a significant healthcare burden.
The vast majority of acute exacerbations in young children with recurrent wheezing are associated with viral respiratory tract infections, particularly the human rhinovirus (7, 8) .
Children with human rhinovirus induced wheeze are also more likely to have allergic sensitization (9) . In addition, recent studies have suggested that acute rhinovirus bronchiolitis in infancy is linked with genetic variation at the asthma susceptibility 17q21 locus (10) and to be a strong predictor of later asthma (11, 12) . Absolute blood eosinophil counts are higher in young children with human rhinovirus associated bronchiolitis compared to bronchiolitis caused by other respiratory viruses (8, 12 ) and a recent study of infants hospitalised with bronchiolitis found that absolute blood eosinophil counts > 0.4 x 10 9 /L in conjunction with human rhinovirus infection are highly predictive of recurrent wheezing three years later (12) .
For the medical professional faced with a child with preschool wheezing two broad patterns of presentation are recognised: "episodic viral wheeze", comprising children who experience exacerbations with colds but are asymptomatic between episodes; and "multiple trigger wheeze" where children have interval symptoms including day and night time wheezing and wheezing with exercise as well as viral triggered episodes (13, 14) . It is widely thought that the latter group is more likely to respond to regular treatment with inhaled corticosteroids (15) which means that the clinical pattern of preschool wheeze is more easily recognised retrospectively than prospectively. In addition, "episodic viral wheeze" and "multiple trigger wheeze" may represent a marker of disease severity rather than pathophysiologically different disease entities (16) . Moreover, severity and frequency of acute wheezing episodes are not taken into account when assigning the clinical phenotype.
One other difficulty in practice is to predict which children with preschool wheeze will continue to have persistent asthma as older children or teenagers. Children with 'multiple trigger wheezing' are more likely to have persistent asthma at school-age (2) and several asthma predictive tools and indices have been described based on data obtained from prospective cohort studies (17, 18) . The key characteristic features associated with persistence of wheezing in young children have been recently reviewed (19) . This is important because medical practitioners are more likely to prescribe regular preventer medication to children they believe will continue to wheeze into older childhood.
In summary, despite the common nature of preschool wheezing there is uncertainty and controversy about which children should be treated with regular preventer medication and we do not know which children will respond to regular ICS treatment, currently the most effective medication available to treat preschool wheezing with an estimated 40 percent responders based on available pooled data (4, 20) . The validation of phenotypic and biological markers capable of identifying children with preschool wheeze who respond to treatment with corticosteroids would be an important advance. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The BTS asthma guideline states that: "In children aged 0-4 years with a high probability of asthma: start a trial of treatment". It goes on to say that: "the choice of treatment (for example, inhaled short acting bronchodilators or corticosteroids) depends on the severity and frequency of symptoms". There is no test for asthma in preschool children who generally cannot perform lung function testing and the decision to start treatment and to measure improvements is therefore subjective based upon an assessment of perceived severity of symptoms and number of exacerbations. If ICS fail to control the symptoms an oral leukotriene receptor antagonist can be prescribed as add-on treatment.
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Previous research in preschool children has shown that oral corticosteroids have no benefit over placebo when given during an acute exacerbation (23, 24) and only modest efficacy in school-age children. Vuillermin et al reported a recent randomised controlled trial and calculated that 20 children aged 5-12 years with acute asthma needed to be treated with oral corticosteroids for benefit in one (25) .
There are more than 20 published randomised controlled trials involving regular ICS in children with preschool wheeze. A frequently quoted systematic review and meta-analysis found moderate benefit of regular ICS treatment on day-time and night-time symptoms and (20) . These findings have been confirmed again by a more recent study (26) . Patient numbers recruited have frequently been relatively small and selection criteria have varied from study to study but they all included some degree of symptomatic or troublesome wheezing with frequent short acting bronchodilator use and usually a history of exacerbations requiring unscheduled healthcare visits. None of the studies stratified on the basis of one or more biomarkers and a corticosteroid responsive phenotype has not been identified. What the pooled data shows is that patient stratification based on clinical criteria alone is inadequate to identify those children that are likely corticosteroid responders.
Identifying responders however is important because children on regular long-term ICS experience a significant reduction in growth velocity (27, 28) . Moreover, it has been shown that regular use of ICS in children with preschool wheeze does not alter the natural history of asthma or persistent wheeze in later childhood (27, 28) . Both these studies with long-term follow up found similar numbers of children with persistent older childhood wheeze irrespective as to whether they were prescribed regular long-term ICS in the preschool period or not. Both studies selected patients on the basis of current wheeze and a history of exacerbations requiring unscheduled healthcare visits and a history of atopic disease in either parent. Patient selection in the large RCT reported by Guilbert et al (28) was based on the well described 'Asthma Predictive Index' (API). The API has been derived from epidemiological studies and takes into consideration wheeze frequency, parental history of asthma and physician diagnosed atopic dermatitis as major criteria and wheezing away from colds, allergic sensitisation to milk, egg or peanuts and blood eosinophils above 4% as minor criteria (17) . The hypothesis in the development of the API was that the index would identify preschool children with early onset atopic asthma and that these children were more likely to respond to corticosteroid therapy. However the proportion of subjects with a positive index who develop the outcome, defined as physician diagnosed asthma or more than three wheezing episodes during the year prior to age six years, is less than 50% (29) . Moreover when children with a positive API were randomised to either long-term ICS or placebo there was no significant difference in unscheduled healthcare visits for wheeze exacerbations between the groups during the treatment period suggesting that a positive API does not predict a corticosteroid response. Therefore, whilst an estimated 40 percent of children with troublesome preschool wheeze may benefit from regular ICS treatment the lack of a responder phenotype paired with the knowledge of known side-effects on growth velocity have resulted in hesitant medical prescribing, poor parental adherence and unabated high rates of exacerbations in these children. We urgently need to assess simple and currently widely available biological markers for their ability to predict treatment responses, particularly to ICS, as validated personalised treatments are likely to be the approach that is most likely to succeed. Recently blood eosinophils have emerged as a potentially promising biomarker of corticosteroid sensitive asthma (30) .
Eosinophils and asthma:
Allergic asthma in adults and older children is characterised by increased numbers of circulating eosinophils (31, 32) thought to be the result of an inappropriate immune response to common aero-allergens in genetically susceptible individuals (33) . In animal models of asthma, aerosol challenge with ovalbumin induces an influx of eosinophils into the blood and the lung (34) . Eosinophils are bone marrow derived inflammatory effector cells that differentiate from myeloid precursor cells in response to interleukin (IL)-3 and granulocyte macrophage-colony stimulating factor (33) . Mediators such as IL-4, IL-5, and IL-13 released (33) . IL-5 is the key mediator necessary for the development, differentiation, recruitment, activation, and survival of circulating eosinophils (35, 36) . Blood and sputum IL-5, eosinophil numbers and their secreted products correlate with the severity and frequency of asthma exacerbations (34, (37) (38) (39) . Moreover, in a prospective study involving more than 1000 subjects with asthma, an absolute peripheral blood eosinophil count >0.45 x 10 9 /L was associated with a more than 7-fold increase in the relative risk of asthma-related death (40) .
Blood eosinophils: Blood eosinophils rise during the late allergic response occurring 24
hours after inhalation allergen challenge (41) and peripheral blood eosinophilia has long been known to be a characteristic feature of asthma and is considered an indirect marker of airway eosinophilic inflammation (31, 42) . Teenage children with symptomatic, but not acute asthma have significantly greater numbers of activated blood eosinophils but not elevated concentrations of the eosinophil mediator eosinophil cationic protein (ECP) in serum compared to children with well-controlled asthma (43) . Geometric mean blood eosinophils >0.40 x 10 9 /L were reported in children with uncontrolled asthma in that study.
Peripheral blood eosinophil numbers correlate with the severity of symptoms (44, 45) , the degree of airflow limitation (31, 42) and airways responsiveness to direct (46) and indirect bronchial challenge testing (47) . In a study of young adults with doctor-diagnosed asthma, the presence of an absolute blood eosinophil count >0.35 x 10 9 /L was the best predictor of significant exercise induced bronchoconstriction (≥15% reduction in FEV 1 ) (47). Ulrik et al studying school-age children with allergic and non-allergic asthma found that numbers of blood eosinophils correlated with the asthma symptom score, diurnal peak expiratory flow Moreover, two recent, large cross-sectional studies link peripheral blood eosinophils with asthma exacerbations. Malinovschi et al reviewing the laboratory markers of more than 12,000 individuals with asthma aged 6-80 years found that peripheral blood eosinophils of more than 3% are independently associated with emergency healthcare visits due to exacerbations (48) . This finding has since been confirmed by a separate study (49) .
Reviewing data from 3,162 subjects with asthma from the National Health and Nutrition Examination Survey, an annual cross-sectional survey of the US general population, the authors found that the presence of absolute blood eosinophil counts ≥0.3 x 10 9 /L was associated with an increased frequency of acute asthma attacks in respondents, particularly in children.
In preschool children, systemic eosinophil activation is present in those experiencing an acute exacerbation (50) and in several longitudinal epidemiological studies the presence of elevated blood eosinophils in children with preschool wheeze was associated with the persistence of asthma at school-age (51-53) which was independent of allergic sensitisation (54) .
Values for blood eosinophils in young children need to be interpreted in the context of clinical presentation. The blood eosinophil range in children five years and younger is wide and has been reported between 0.04-1.28 x 10 9 /L in a study of >1200 apparently healthy children aged 0-16 years (55). Increased numbers of blood eosinophils are present in individuals with atopic diseases such as rhinitis (56) and eczema (57, 58) .
Recent data presented as part of a small study in preschool children showed that absolute blood eosinophil counts >0.5 x 10 9 /L are present in about half the children with preschool wheeze (59) and levels of blood eosinophils correlated with airway eosinophils obtained at bronchoscopy. There is a lack of longitudinal blood eosinophil data reported in the literature in adults and children. We are not aware of any studies reporting serially measured blood eosinophils in children or adults with asthma to study fluctuation. It is also not known if the numbers of blood eosinophils are higher during exacerbations. In children particularly there are important ethical issues with repeat blood taking that is an important limitation to perform such studies. There are relatively few studies with often small numbers that have investigated airway inflammation in young children with mild, moderate and severe wheezing. Most studies in preschool children suggest that eosinophilic airway inflammation is detectable in bronchoalveolar lavage fluid (71) and in subepithelial bronchial biopsy tissue (72) (73) (74) (75) obtained from children with recurrent wheezing with greater numbers of eosinophils present in children with concomitant atopic diseases. Overall however, the level of eosinophilic airway inflammation particularly in children three years and younger is low (75,76), compared to that found in older children (64, 77, 78) and adults (68) . One large study in young children with virus associated wheeze, with and without coexisting atopic disease, reported airway eosinophils well below 2.5%, a frequently quoted cut-off point for a diagnosis of eosinophilic asthma in children (71) . The median percentage of airway eosinophils in this study was 0.8%, well below the threshold for eosinophilic asthma.
It is of note that the study was not limited to preschool children and that more than half of the recruits were prescribed regular ICS. Age stratification suggested that more eosinophils were present in children older than five years. Similar findings have been reported by two other studies (77, 78) .
In young children with wheezing, in particular those under six years old, the sampling of sputum usually involve a bronchoscopy and a general anaesthetic. Such techniques are invasive, and cannot repeatedly be performed in the same patient. Sputum induction in young children is possible and has been employed in infants to obtain sputum samples in the investigation of tuberculosis (79) . The procedure is time-consuming and requires specialist laboratory staff trained to work with children, and this test is unlikely to be performed in large numbers to guide treatment (80) .
Eosinophil cationic protein: Activated eosinophils release mediators that induce changes in the airways and produce the symptoms of the disease. Eosinophil granules contain four major cationic proteins released upon activation. Eosinophil cationic protein (ECP), eosinophil protein X (EPX), eosinophil peroxidase (EPO) and major basic protein (MBP) are capable of causing bronchial epithelial tissue damage (81) (82) (83) and dysfunction and are toxic to a variety of tissues, including heart, brain, and bronchial epithelium causing resulting in airways hyperresponsiveness (84, 85) .
ECP is the most widely studied biomarker of eosinophil activity in asthma and it has been suggested that serum ECP may be a useful indirect and more accurate marker of airway inflammation in asthma (86) . ECP is synthesized in eosinophil progenitors in human bone marrow and stored in specific granules in mature peripheral blood eosinophils (87) . Serum ECP levels are increased in adults and older children with asthma and correlate with disease activity and adherence with inhaled corticosteroid therapy (88) (89) (90) . Serum ECP levels are significantly raised in children during an asthma exacerbation (91) . In infants (all <12 months old) with wheezing but free from other allergic disease, serum ECP concentrations were found to be significantly higher when compared to infants with respiratory tract infection without wheezing or healthy controls. Infants with levels >20 µg/L were more likely to still wheeze one year later (92) .
However, the relationship between bronchial hyperresponsiveness and serum ECP is less clear (93) . In a study by Rao et al involving 48 children with asthma aged 5-10 years, serum markers of eosinophil activation were negatively correlated with FEV 1 , FEF and the PC20 for histamine (94) . This was not confirmed by a separate study involving nearly 200 children with asthma (95) . Here, the authors also reported higher levels of serum ECP in children with asthma and the highest levels in children with severe asthma, however serum ECP was not associated with the response to direct bronchial challenge testing. Similarly, a large study in children aged 12-30 months found no association between airway hyperresponsiveness to direct challenge and serum ECP concentration (96) .
The measurement of mediators such as ECP may add little to the simple cell counts (97).
Moreover, there are important limitations in the use of eosinophil markers such as the need to collect and process blood under tightly controlled and standardized conditions. Immediately after collection the blood needs to be clotted in a water bath at 24 ο C for exactly 90 minutes followed by centrifugation at 1300 g for 10 min at room temperature making this test impractical for widespread clinical use. (98) . There is a moderate correlation only between eosinophil percentages in sputum and the level of exhaled NO in adults (99, 100) and children (64) with asthma. A link between blood eosinophils and eNO has also been reported (101, 102) . It has been suggested that eNO and blood eosinophils relate to different inflammatory pathways. Whilst eNO is considered a marker of corticosteroid responsive asthma (103) , the tailoring of the dose of ICS prescribed to the value of eNO is controversial. A Cochrane systematic review of studies concluded that this approach resulted in only small reductions of acute exacerbations and children in the eNO study arms tended to be on higher doses of ICS by the end of the study compared to controls (104) .
Relationship between blood and sputum eosinophils
Only a small number of studies systematically studied the association between sputum and blood eosinophils. Pizzichini et al compared blood and sputum eosinophils and eosinophil markers obtained at the same visit from 19 adults with symptomatic asthma (105) . The median sputum eosinophils were 5.2% and the median absolute blood eosinophil count 0.35 x 10 9 /L. When analysing the data using the area under receiver operator curves (ROC) the authors found that sputum eosinophils were more sensitive and specific (0.9) compared to blood eosinophils (0.72) at distinguishing patients with asthma from controls however both, sputum and blood eosinophils showed a good correlation with clinical and physiological markers of asthma severity. Blood eosinophils were a better marker that serum ECP. The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 Overall, the evidence suggests that sputum eosinophils are more closely and accurately associated with asthma symptoms and severity than blood eosinophils. However, although an asthma management and treatment strategy for adults with asthma based upon numbers of sputum eosinophils is feasible and potentially cost effective in specialist secondary and tertiary care settings, it has proved difficult to implement nationally even in this setting (68) .
It is therefore unrealistic to expect that a strategy based on sputum eosinophils would be suitable for young children and that this could be implemented routinely in primary or secondary care. Blood eosinophils in contrast are a relatively easy biomarker to measure in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 16 children that has been shown to be highly predictive of sputum eosinophilia in patients with asthma.
Eosinophils and eosinophil products as markers of corticosteroid responsive asthma
Treatment with oral corticosteroids results in a decrease in sputum and blood eosinophils and a drop in the blood ECP concentration in adults with asthma (108) . Moreover, the reduction in the numbers of blood and sputum eosinophils is mirrored by the clinical and lung function improvement following an acute exacerbation of asthma in response to treatment with corticosteroids as shown by serial testing (109) (110) (111) . Following oral corticosteroids, absolute blood eosinophil counts reach their lowest reading after three days of treatment and sputum eosinophils after seven days (111).
Blood eosinophils:
There is less reported data of associations between asthma severity, the response to corticosteroids and blood eosinophils. There is however, good evidence that blood eosinophils are associated with corticosteroid responsive asthma (30) . In an early study Horn et al reported absolute blood eosinophil counts of >0.35 x10 9 /L in a group of adult patients with poorly controlled asthma. Blood eosinophils dropped significantly after adjusting corticosteroid treatment doses and asthma control improved (42) . In a separate adult study, lung function was significantly negatively correlated to both blood eosinophil counts and serum ECP. Blood eosinophil numbers were more closely associated with respiratory function than eosinophil markers (110) .
In children there is a reluctance to perform blood tests; hence few data exist describing the relationship between blood eosinophilia and corticosteroid responsive asthma. Nonetheless, in a corticosteroid reduction study conducted in children, blood eosinophils increased significantly in the withdrawal group but not in the continuous treatment group (112) .
Sputum eosinophils:
The presence of airway eosinophils predicts a response to corticosteroid therapy in adult patients with asthma (113, 114) . In adult subjects with eosinophilic asthma, defined as sputum eosinophils ≥ 3%, ICS treatment leads to a reduction in airway eosinophils (115, 116) and a reduction in airway hyperresponsiveness (116) . Several studies also reported a rise in sputum eosinophils that was associated with a loss of asthma control following the withdrawal of ICS (117, 118) . In support of these findings several other studies have shown that non-eosinophilic asthma responds poorly to ICS therapy (119) (120) (121) . In a rare paediatric study the absence of sputum eosinophils has been shown to be a predictor for successful ICS dose reduction in children with asthma (122) .
Some of the best evidence for corticosteroid responsiveness of eosinophilic asthma comes from randomised controlled trials. In a landmark study involving adults with moderate to severe asthma adjustments of the corticosteroid dose based on sputum eosinophil counts resulted not only in a significant reduction in sputum eosinophils in the sputum management group over a 12-month period compared to patients where treatment was based on symptoms and lung function alone, but the reduction in sputum eosinophils was associated with a significant reduction in severe asthma exacerbations requiring unscheduled healthcare visits or admission to hospital (68) . The findings from this study suggest that eosinophils are an indicator of corticosteroid responsive asthma in adults and anti-inflammatory treatments directed at reducing elevated numbers result in better asthma control. Blood eosinophils were not reported. The findings from this study have been replicated in two other studies involving adult patients (69, 70) . The effectiveness of a management strategy based on sputum eosinophils has not been confirmed in children. One small study in older children with severe asthma found little benefit in titrating corticosteroid dose in accordance with the sputum eosinophil count (123) at three monthly reviews. The annual rate of exacerbations was similar between the clinical and the sputum management group, but significantly fewer subjects in the sputum management group experienced an exacerbation within 28 days of a study visit, perhaps suggesting that more frequent measures would be needed for a clinically useful effect. Also, there was no run-in period therefore the results could be confounded by improved adherence in the clinical group as described previously in a study involving children with severe asthma (124) . However it is of note that the sputum management group was on lower doses of ICS at the end of the study compared to the clinical group and in both groups of children the median percentage sputum eosinophils fell to below 2.5%, a level considered within normal limits.
Serum and sputum ECP:
The investigators of a 12-month prospective intervention pilot study in school-age children monitoring and adapting corticosteroid dose according to the serum ECP concentration found that raised levels of serum ECP denoted active disease better than lung function parameters (125) . The blood ECP concentration fell after initiation of ICS treatment and the authors suggested that ECP may be a useful marker of adherence to corticosteroid treatment (125) . However a study by Wolthers et al showed that blood ECP is not sensitive to ICS dose changes (126) and in a study involving adults with chronic persistent asthma ICS caused a significant reduction in sputum and blood eosinophils but not sputum or blood ECP (127) . Review of the evidence suggests that sputum and blood ECP concentrations are not a sensitive or reliable means of evaluating airway inflammation. 
Interleukin-5:
This mediator has a critical role in the expansion of the eosinophil pool in the bone marrow and in the induction of blood eosinophilia in response to allergic stimulation (128) . Two recent randomized, double-blind, placebo-controlled clinical trials using a monoclonal anti-IL-5 antibody (mepolizumab) showed a significant reduction in the exacerbation frequency in a group of patients with refractory eosinophilic asthma.
Mepolizumab treatment also led to a significant reduction in blood and sputum eosinophil counts (129, 130) . These findings have been confirmed by two further large multicentre clinical trials each involving more than 500 patients. The MENSA study enrolled patients with exacerbation prone asthma on high dose corticosteroid maintenance treatment who had evidence of blood eosinophilic inflammation defined as an absolute blood eosinophil count of 0.15 x 10 9 /L or more (131) . The exacerbation frequency in the mepolizumab group was approximately halved at the end of the study. In the DREAM study higher blood eosinophil counts were associated with a greater treatment response to mepolizumab (132) . There are no reported data in children < 12 years old.
Towards a personalised approach to treatment of preschool and childhood wheeze
Current treatment algorithms based on clinical predictive indices are not working in young children with troublesome wheeze. They have not led to reduced morbidity or indeed a reduction in severe exacerbations. Furthermore, expert reports agree that the benefit of ICS in an unselected cohort of children with troublesome preschool wheeze is modest and recommend more research into identifying corticosteroid responsive disease (13, 14) . The controversy surrounding the efficacy of anti-inflammatory treatments particularly but not 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There is an urgent clinical need to identify a reliable and widely available biomarker with the ability to predict which children are likely to have corticosteroid responsive disease.
Eosinophils are strongly associated with corticosteroid responsive allergic asthma and exacerbations in older children and adults. Blood eosinophils are an easily measurable and widely available indirect marker of eosinophilic airway inflammation and blood testing is more likely to succeed in young children. This biomarker merits further study and the best way to answer the question as to whether blood eosinophils predict a corticosteroid response in children with troublesome preschool wheeze is to conduct a blood eosinophil stratified randomised controlled trial.
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Significantly fewer severe asthma exacerbations in the sputum management group over the 12-months study period. Multicentre RCT; patients randomly assigned to clinical management (symptoms and spirometry) OR sputum eosinophil strategy.
Significantly fewer asthma exacerbations in the sputum management group over the 24-months study period. RCT; patients randomly assigned to management either by standard Global Initiative for Asthma guidelines OR sputum eosinophil strategy.
Significantly fewer asthma exacerbations in the sputum management group over the 18-months study period. Multicentre RCT; patients randomly assigned to 3 different dosing regimens of monoclonal anti-IL-5 antibody mepolizumab (75mg, 250mg; 750mg intravenous, 4-weekly) OR placebo.
Significant reduction (between 39 and 52%) in exacerbations requiring admission or visits to an emergency department in all groups given mepolizumab compared to placebo. Mepolizumab reduced blood and sputum eosinophil counts. The rate of clinically significant exacerbations with mepolizumab varied according to blood eosinophil count. Multicentre RCT; patients randomly assigned to 2 different dosing regimens and administration routes of monoclonal anti-IL-5 antibody mepolizumab (75mg intravenous OR 100mg subcutaneous) OR placebo, 4-weekly for 32 weeks).
Compared to placebo, the exacerbation rate was reduced by 47% in participants receiving intravenous mepolizumab and by 53% in patients receiving subcutaneous mepolizumab. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 
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